Burners are very important in the metal processing industries where they are used for a variety of purposes. A high velocity burner is developed and tested. The main components of the burner include the burner nozzle, mixing tube, down-stream section and the throat. A cross-connected Regulator is also incorporated for air fuel ratio control. An open-air test was carried out on the burner and flame temperature values were taken along the axial flame axis for different gas pressures. From the test carried out, the highest temperatures recorded were 488.1, 688.8 960.3 and 1275 °C for gas pressures maintained at 30, 60, 90 and 100% corresponding to 0.53, 1.02, 1.53 and 1.7 bar respectively. The results show that the burner can be used for high temperature Furnace applications.
INTRODUCTION
A Burner is a device that is used to combust a mixture of fuel and oxidizer, thus converting the chemical energy in the fuel into thermal energy (Buakal et al, 2001 ). The thermal energy or heat so generated is usually transferred to some type of load. Different types of burner designs are produced based on such factors as type of fuel, oxidizer, and combustion chamber geometries; environmental regulations, thermal input and heat transfer requirements which include flame temperature, flame momentum, and heat distribution. A given combustion system may have a single burner or many burners, depending on the size and type of the application. It is usually important to match the burner to the load so as to ensure maximum heat transfer and system thermal efficiency. This impacts positively on operating costs and pollutant emissions, giving a reduction, since less fuel needs to be combusted for a given production rate. When the outlet port of a burner is sized to provide an exit velocity exceeding 90m/s to the combustion products passing through it, such a burner becomes a high velocity burner (Baukal, 2004) .
Burners are a key component in industrial combustion applications such as in metals, minerals and chemicals production and processing, waste incineration, steam generation in boilers, power generation and industrial drying processes. A classification by type of fuel gives solid, liquid or gaseous fuel-fired burners. The type of draft employed give rise to forced draft and natural draft burners, while pre-mixed and diffusion burners are so named because of the type of mixing of fuel and oxidizer. Air-fuel and oxy-fuel burners are burner types based on the type of oxidizer used (Baukal, 2004) .
The aim of the present work is to develop and test a gaseous fuel, pre-mixed type burner which employs forced draft in mixing the fuel and the air. The test will determine the functionality of the burner.
Design Analysis for the Burner:
The Burner is venturi-shaped and consists of the inlet, throat, mixing tube, down stream section and the tip or nozzle each of which play a major role in the performance of the burner. The expressions for the burner heat release and fuel gas mass flow rate are as given by Baukal (2004) .
Burner Heat Release: The Burner heat release or the burner output power is determined from the expression: mHV HR =
(1) where, HR is the burner heat release, m is the mass flow rate of the fuel, and HV is the heating value of the fuel.
Fuel gas flow rate: The fuel gas flows through an orifice and the flow rate depends on the flow condition whether it is sonic or subsonic. The fuel flow condition at the orifice is determined by the critical pressure ratio which is given by:
where c P is the critical pressure ratio and k is the ratio of specific heats of the fuel. Hence, for sonic conditions the mass flow of the fuel through the orifice is given by:
where d c is the orifice discharge coefficient which ranges from 0.75 to 0.95, A is the area of the orifice. T t is the temperature of the fuel gas, R is the universal gas constant which is equal to 8314.34 J/kmol .K, MW is the molecular weight of the fuel and g c is the gravitational constant equal to 1.0 (kg.m)/(N.s 2 ). For subsonic conditions, the fuel mass flow rate is given by:
The subscript, e, denotes the orifice exit, M e is the mach number of the fuel, T e is the temperature of the fuel, c e is the speed of sound in the fuel, and e l is the density of the fuel.
Design of the Venturi Section: Adiabatic compressible flow equations for an ideal gas are used in designing this section of the burner. The relationship between Mach number and velocity at the throat is given by Rajput (2003) ,
where kRT c = , is the sonic velocity. The relationship between the critical throat area A c, where the mach number is unity and the area A at any section where the mach number may be greater than or less than 1 is given by:
Design calculations for the Burner Calculations for Burner Heat release and Gas Orifice: From the heat balance calculations for the furnace for which this burner is being developed, the fuel consumption of the furnace is, B=12.55 kg/period. Which for a one hour period gives, (Baukal,2004) . Assume standard atmospheric pressure (P b ) = 1.013 bar and pressure of fuel, P t = 1.7 bar, then
this is subsonic condition since P c <P b /P t . The area of gas orifice can be determined from the gas mass flow rate equation (4). 
Downstream section and Burner tip
For the down stream section the chosen diameter and length are 54mm and 50mm respectively while that for the burner tip are 42mm and 75mm respectively. 
Design Specifications for Burner

Construction and Performance evaluation
The designed burner was constructed using mild steel material. The nozzle, downstream section, mixing tube and throat were machined separately and threaded to make for ease of dismantling and assembling.
A 2.5cm air valve is placed at the inlet section to control the air flow into the burner.
A cross-connected regulator is connected to the burner through the gas inlet nozzle on the burner. A pressure sensing line is run from the burner combustion air line to the regulator's gas valve while the gas hose from the gas cylinder is connected to the inlet of the regulator. The cross-connected regulator is designed to maintain a fuel outlet pressure that matches the combustion air. The high velocity air supply from a blower entrains fuel (gas) from the gas orifice which is introduced at the burner throat at an angle of 30 0 .
The cross-sectional and assembled views of the burner are shown in Figure 1 . 
Test procedure
The Burner was tested to determine its functionality. The following test procedure was followed. 1. The burner was connected to an air blower and the gas (butane) supply. The blower has a capacity of 0 to 5000 m 3 /s and rotative speed of 300 to 3000 rpm (Cherkassy, 1985) . 2.
The burner was placed in a horizontal position on a measuring stand. 3.
The burner was lit and the gas pressure maintained at 30% (0.53 bar) corresponding to a flow rate of 1.68x10 
RESULT AND DISCUSSIONS
The readings obtained from the measurements are as tabulated in Table 1 . A plot of temperature against flame axis distance is shown in Figure 2 for the gas pressures. It can be observed from Table 1 and the graph plotted that higher temperatures were obtained as the gas pressure (flow rate) was increased. The highest temperatures recorded were 488.1, 688.8 960.3 and 1275 °C for gas pressures at 30, 60, 90 and 100% respectively.
The flame temperatures increased gradually from the burner tip to a maximum at a distance of 20cm for both 30% and 60% gas pressures, 25cm and 10cm for 90 and 100% gas pressures respectively and then started falling again. The burner tip to the point of maximum temperature corresponded to the zone of intense heat and the flame was completely blue in this zone. It was observed that the yellow portion of the flame had become reduced and the flame became almost completely blue at 90% and 100% gas pressures. The temperatures attained by the burner shows that it can be used for high temperature Furnace applications such as non-ferrous metal melting, metal heat treatment and reheating etc. For an open flame test, there is a diluting effect on the temperature by the atmospheric air, it is therefore expected that higher temperatures can be obtained when firing is done in an enclosure.
CONCLUSION:
An industrial high velocity burner has been developed and tested. The test conducted shows that it can be employed for high temperature Furnace applications such as is found in metal processing industries. The test conducted was an open flame test. It is expected that higher temperatures can be obtained when the burner is fired in an enclosure.
